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(54) Compressor for single or multi-stage operation 



(57) In a positive displacement compressor having 
a plurality of banks, operation can be multi-stage or sin- 
gle stage. Single stage operation can be of a single bank 



or plural banks in parallel. Switch-over between modes 
of operation is under the control of a microprocessor re- 
sponsive to sensed inputs. 




LJJ 



1 



EP 0 715 077 A2 



2 



Description 

Transport refrigeration can have a load requiring a 
temperature of -20''F in the case of ice cream, 0*F in 
the case of some frozen foods and ACF In the case of 
flowers and fresh fruit and vegetables. A trailer may also 
have more than one compartment with loads having dif- 
ferent temperature requirements. Additionally, the am- 
bient temperatures encountered may range from -20° F, 
or below, to 110**F, or more. Because ofthe wide range 
of ambient temperatures that can be encountered on a 
single trip as welt as the load temperature requirements, 
there can be a wide range in refrigeration capacity re- 
quirements. Commonly assigned U.S. patents 
4,938,029, 4,986,084 and 5,062,274 disclose reduced 
capacity operation responsive to load requirements 
while U.S. Patent 5,016,447 discloses a two-stage com- 
pressor with interstage cooling. In reciprocating refrig- 
eration compressors having multiple stages of compres- 
sion, the intermediate pressure gas can be routed 
through the crankcase sump. Utilizing this approach for 
low temperature applications works quite well to in- 
crease the efficiency, however, in medium and high tem- 
perature applications several complications arise. High- 
er crankcase pressures produce a lower effective oil vis- 
cosity, increased thrust washer loads, and increased 
bearing loads. 

A compressor having plural banks of cylinders can 
be operated multi-stage during low temperature opera- 
tion and with a single stage or plural parallel single stag- 
es for medium and high temperature operation. Switch- 
ing between single stage and multi-stage operation is 
under the control of a microprocessor in response to the 
sensed interstage or crankcase sump pressure, f^ulti- 
stage operation provides increased capacity through 
the use of an economizer. Reduced capacity operation 
can be achieved by bypassing the first stage back to 
suction or by employing suction cutoff in the first stage. 

Basically, the interstage or crankcase sump pres- 
sure is sensed and, responsive thereto, the compressor 
is operated in either a multi-stage or single stage mode. 
Single stage operation may be as plural banks in parallel 
or by unloading the first stage in multi-stage operation. 

Figure 1 is a graphical representation of a com- 
pound cooling operating envelope of a compressor 
operated in accordance with the teachings of the 
present invention; 

Figure 2 is a schematic representation of a com- 
pressor in two-stage operation according to the 
teachings of the present convention; 

Figure 3 is a schematic representation of a com- 
pressor in parallel single stage operation according 
to the teachings of the present invention; 

Figure 4 is a schematic representation of a refriger- 



ation system employing the compressor of the 
present invention employing first stage bypass; and 

Figure 5 is a schematic representation of a refriger- 
5 ation system employing the compressor of the 
present invention employing suction cutoff. 

In Figure 1, A-B-C-D-E-F-A represents the operat- 
ing envelope on a saturated discharge temperature vs. 

10 saturated suction temperature graph for a compressor 
employing R-22 in a compound cooling configuration. 
The line B-E represents the boundary between single 
stage and two-stage operation. The boundary is estab- 
lished based on sump or interstage pressure limited by 

IS thrust washer and bearing load as well as oil viscosity. 
Specifically, B-C-D-E-B represents the envelope where 
single stage operation is more effective and A-B-E-F-A 
represents the envelope where two-stage operation is 
more effective. 

20 In Figures 2 and 3 the numeral 10 generally desig- 
nates a compressor having a plurality of banks with pis- 
ton 12 and cylinder 13 representing a first bank of, typ- 
ically, four cylinders and with piston 14 and cylinder 15 
representing a second bank of, typically, two cylinders. 

2S Pistons 1 2 and 1 4 are reciprocatably driven by motor 1 8 
through crankshaft 20. Crankshaft 20 is located in 
crankcase 22 which has an oil sump located at the bot- 
tom thereof. Compressor 10 has a suction inlet 24 and 
a discharge 26 which are connected, respectively, to the 

30 evaporator 60 and condenser 62 of a refrigeration sys- 
tem, as best shown in Figs. 4 and 5. Expansion device 
61 is located between evaporator 60 and condenser 62. 
Suction inlet 24 branches into line 24-1 which feeds the 
cylinders of the first bank represented by piston 12 and 

35 line 24-2 which contains check valve 28 and connects 
with crankcase 22. The first bank represented by piston 
1 2 discharges hot, high pressure refrigerant gas into line 
30 which contains 3-way valve 32. Depending upon the 
position of 3-way valve 32, the hot high pressure gas 

40 from line 30 is supplied either to discharge 26 via line 
26-1 or to crankcase 22 via line 34. Gas from crankcase 
22 is drawn via line 36 into the cylinders ofthe second 
bank represented by piston 14 where the gas is com- 
pressed and delivered to discharge line 26 via line 26-2. 

45 Microprocessor 50 controls the position of 3-way 
valve 32 through operator 33 responsive to one or more 
sensed conditions. Pressure sensor 40 senses the pres- 
sure in crankcase 22 which is a primary indicator of the 
operation of compressor 10 since mid-stage pressure is 

50 equal to the square root of the product of the absolute 
suction and discharge pressures. Microprocessor 50 re- 
ceives zone information representing the set point and 
temperature in the zone{s) being cooled as well as other 
information such as the inlet and outlet temperatures 

55 and/or pressures for compressor 10 as exemplified by 
sensor 51. 

Initial operation is responsive to the zone set point 
such that a low temperature setting initially results in a 
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two-stage operation while a medium or high tempera- 
ture setting initially results in a single stage operation. 
Microprocessor 50 controls 3-way valve 32 through op- 
erator 33 to produce two-stage or single stage opera- 
tion. Referring to Figure 2, two-stage operation results 
when 3-way valve 32 connects lines 30 and 34. Gas 
supplied to line 24 from the evaporator is supplied via 
line 24-1 to the first bank represented by piston 12 and 
the gas is compressed and supplied to line 30 and pass- 
es via 3-way valve 32 and line 34 into the crankcase 22. 
The gas in crankcase 22 is then drawn via line 36 into 
the second bank represented by piston 14 and the gas 
is further compressed and directed via lines 26-2 and 
26 to the condenser Flow of high stage discharge gas 
is prevented from entering crankcase 22 via line 26-1 
by 3-way valve 32 and flow of suction gas into crankcase 
22 via line 24-2 is prevented by the back pressure in 
crankcase 22 acting on check valve 28. 

Referring now to Figure 3, parallel single stage op- 
eration results when 3-way valve 32 connects lines 30 
and 26-1. Gas supplied to line 24 from the evaporator 
is supplied via line 24-1 to the first bank represented by 
piston 12 and the gas is compressed and supplied to 
line 30 and passes via 3-way valve 32, line 26-1 and line 
26 to the condenser. Gas in crankcase 22 is at suction 
pressure so that gas is able to flow from line 24, through 
line 24-2 and check valve 28 into crankcase 22. Gas 
from crankcase 22 is drawn via line 36 into the second 
bank represented by piston 14, compressed and dis- 
charged via line 26-2 into common discharge 26. 

Once compressor 10 is in operation, the microproc- 
essor 50 will cause 3-way vaive 32 to switch between 
the two-stage operation of Figure 2 and the parallel sin- 
gle stage operation of Figure 3 essentially in accordance 
with the appropriate operating envelope, as exemplified 
in Figure 1. Specifically, the pressure sensed by pres- 
sure sensor 40 is compared to a fixed value to determine 
whether two-stage or single stage operation is appropri- 
ate and 3-way valve 32 is appropriately positioned. The 
density of the stippling in Figures 2 and 3 is an indication 
of the pressure of the gas. 

Capacity control can take place in the Figure 2 and 
3 configurations by employing a variable speed motor 
18. Additionally, as shown in Figure 4, capacity control 
can be achieved by adding bypass line 38 containing 
solenoid valve 42. Microprocessor 50 controls power to 
coil 43 of solenoid valve 42 to thereby control solenoid 
valve 42. Specifically, when capacity control is needed, 
as sensed by microprocessor 50 through the zone in- 
formation, coil 43 is powered causing solenoid valve to 
open permitting flow in bypass line 38. Thus, the dis- 
charge of first or low stage 112 can flow back to suction 
of first stage 112. This lowers the interstage pressure 
sensed by pressure sensor 40 to a value slightly higher 
than suction pressure and the entire load is carried by 
the second stage 114 only. This effectively makes com- 
pressor 1 0 a single stage compressor with the displace- 
ment of the second or high stage 114. 



Figure 5 illustrates the use of suction cutoff for ca- 
pacity control. Suction line 24-1 divides into lines 24-3 
and 24-4 which respectively feed the two banks of first 
or low stage 112. Line 24-3 contains solenoid valve 44 

s having coil 45 and line 24-4 contains solenoid valve 46 
having coil 47. When capacity control is needed, as 
sensed by microprocessor 50 through the zone informa- 
tion, coil 45 and/or coil 47 is actuated by microprocessor 
50 causing valve 44 and/or valve 46 to close. This ap- 

10 p roach allows greater capacity control than the config- 
uration of Figure 4 because a six cylinder compressor, 
for example, can operate the with just the two cylinders 
of second or high stage 114 loaded (valves 44 and 46 
closed), four cylinders loaded (either valve 44 or 46 

IS open), or all six cylinders loaded (valves 44 and 46 
open). When this approach is used with a two-stage 
compressor, it allows for operation in a two-stage mode 
(Figure 2), single stage with all six cylinders (Figure 3), 
or single stage with one third loading increments as de- 

20 scribed above. 

From the foregoing description it should be clear 
that the present invention provides a very wide range of 
compressor operation that can be achieved under the 
control of microprocessor 50. This wide range of com- 

25 pressor operation permits particularly effective opera- 
tion in transport refrigeration where there is a wide range 
of load temperature requirements and ambient temper- 
atures. 

30 

Claims 

1. Compressor means (10) having a crankcase (22), 
a suction inlet (24) adapted to be connected to an 

35 evaporator and a discharge (26) adapted to be con- 
nected to a condenser comprising: 

a plurality ofbanks(12, 13. 14, 15); 
at least one bank (12, 13) of said plurality of 
40 banks normally connected to said suction inlet 

(24); 

another bank (14, 15) of said plurality of banks 
normally connected to said crankcase and said 
discharge; 

4S means (50, 33, 32) for selectively connecting 

said at least one bank to either said crankcase 
or said discharge whereby when said at least 
one bank is connected to said crankcase, said 
another bank acts as a second stage and when 

so said at least one bank is connected to said dis- 

charge said at least one bank and said another 
bank act as parallel single stage compressors. 

2. The compressor means of claim 1 further including 
55 means (24-2, 28) for fluidly connecting said crank- 
case to said suction inlet when said at least one 
bank is connected to said discharge. 
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3. The compressor means of claim 1 further including 
means (18; 38, 42, 43; 24-3. 24-4. 44, 45. 46, 47) 
for controlling capacity of said at least one bank. 

4. The compressor means of claim 3 wherein said s 
means for controlling capacity includes means 
(24-2. 28) for selectively bypassing said at least one 
bank. 

5. The compressor means of claim 3 wherein said io 
means for controlling capacity includes means for 
selectively controlling flow from said suction inlet to 
said at least one bank. 

6. A method for operating a compressor having three 
banks, a crankcase, a suction inlet adapted to be 
connected to an evaporator and a discharge 
adapted to be connected to a condenser comprising 
the steps of: 

20 

supplying gas from said suction inlet to a first 
and second bank of said three banks; 
supplying gas from said crankcase to a third 
bank of said three banks; 

delivering compressed gas from said third bank 25 
to said discharge; 

selectively connecting said first and second 
banks to either said crankcase or said dis- 
charge whereby when said first and second 
banks are connected to said crankcase they act 30 
as a first stage and said third bank acts as a 
second stage and when said first and second 
banks are connected to discharge they act as 
a single stage and said third bank acts as a sin- 
gle stage in parallel with said first and second 3S 
banks. 

7. The method of claim 6 further including the step of 
controlling capacity of said first and second bank. 

40 

8. The method of claim 6 further including the step of 
sensing pressure in said crankcase; and 

using the sensed pressure for controlling said 
step of pressure for selectively connecting said first 
and second banks to said crankcase or discharge. 
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